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Specification 

1 . Name of Invention 

Communication System 

2. Scope of Claims of Patent 

In connection with a communication system in which circuits are formed between, and signals are transmitted and 
received mutually by, multiple stations (A, B, ...), when a circuit between certain two stations has deteriorated, a 
communication system that is characterized by adoption of a modulation method for communication between any and 
every combination of two such stations, such that there is some room to spare in the communication capacity, and by 
having a constant communication capacity on the said deteriorated circuit such that the communication on the said 
circuit is continued by reducing communication capacity of the deteriorated circuit and by reducing required C/N, and 
that the reduced portion is supplemented by rerouting [it] to another circuit. 

3. Simple Explanation of the Invention 
(Outline) 

By changing a modulation system of radio equipment used in a line comprising a closed loop, communication 
capacity is changed, and at the same time, reduced communication capacity rerouted to another line. 



[Column 2] 

(Field of [its] Industrial Use) 

The present invention relates to: in connection with a closed loop line network comprised by relay stations that are 
scattered, a communication system on a transmission line by which these [said] stations communicate with one 
another. 

(Conventional Technology) 

As shown in Figure 1, there is a system in which multiple node stations A, B, comprise lines with one another, 
thus forming a network. Each station transmits signals to, and receives signals from, one another, or signals are 
gathered in one certain station, and only control signals are communicated to all the stations as loop signals. 

In such a communication network, for example, if a line between A and B is cut off due to some trouble, ordinarily 
communication between A and B is secured by using a fiberoptic cable that is installed as annex or by using another 
line [such as] ACB or ADB. 

Or if a frequency reserve system is adopted between A and B, by having one line ready with a reserve unit of 
equipment per "n" units of currently used equipment as shown in Figure 6, if some trouble arises with one unit of the 
currently used equipment, it will be switched to the reserve unit. 
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[Column 3] 

(Problem that the invention is intended to solve) 

In accordance with the system in Figure 6, a reserve unit of equipment must be prepared, however, and if this is 
placed for each node station, many units of radio equipment will be additionally required for an overall system. A 
system in which a fiberoptic cable is installed as annex as shown in Figure 1 would also require additional installation. 
A system in which another line is used cannot be implemented unless there is always enough room to spare [in the 
capacity). 

The present invention is intended to improve on such [a drawback] and to deal with any trouble with a line using a 
fewer number of units of radio equipment. 
(Means to solve the problem) 

In accordance with the present invention, if a certain circuit, for example, a line between A station and B station in 
Figure 1 deteriorates due to rainfall etc., a line is secured by changing the modulation method of radio equipment at B 
station and by reducing required C/N though transmission capacity goes down, and at the same time, the reduced 
transmission capacity is compensated, [i.e.] the circuit capacity is secured by rerouting. 

In other words, in connection with a communication system in which lines are formed between, and signals are 
[Column 4] 

transmitted and received mutually by, multiple stations (A, B, ...), when a line between certain two stations has 
deteriorated, the present invention is characterized by adoption of a modulation method for communication between 
any and every combination of two such stations, such that there is some room to spare in the communication capacity 
and by having a constant communication capacity on the said deteriorated line such that the communication on the said 
line is continued by reducing communication capacity of the deteriorated line and by reducing required C/N, and that 
the reduced portion is supplemented by rerouting it to another line. 
(Operation) 

According to this system, without having a reserve unit of radio equipment provided, even if there should arise some 
trouble with a line, by using the said troubled line to the extent that is usable and by using another line for deficiency, 
communication in the troubled line is enabled without losing any transmission amount. 
(Embodiments) 

Modulation methods used in digital microwave radio lines include 64 QAM, 16 QAM, 4 PSK, and 2 PSK, and these 
modulation systems are modified as desired in comprising lines. 
[Column 5] 

As a specific example, if the radio transmission speed were 1 Mb/s at the maximum, then with 64 QAM, it would be 
approximately 1 Mb/s X 6 for input to the modulator; with 16 QAM, 1 Mb/s X 4; with 4 PSK, 1 Mb/s X 2; [and] with 2 
PSK, 1 Mb/s. Also, theoretical values of C/N (Carrier/Noise) required to secure error rate of 1 X 10" 4 are 
[respectively]: for 64 QAM, approximately 24.5 dB; for 16 QAM, approximately 18.5dB; for 4 PSK, 1 1.4 dB; and for 
2 PSK, approximately 8.4 dB. 

Thus, since there is a difference of 6 dB at the incoming level (C/N), for example, between 64 QAM and 16 QAM, if 
a transmission line deteriorates and the required error rate (1 X 10" 4 ) could not be secured with 64 QAM any more, then 
the modulation method is to be changed to 16 QAM. In this manner, so long as the deterioration of the transmission 
route is 6 dB or less, the required error rate can be secured. By the change from 64 QAM to 16 QAM, however, the 
transmission amount is reduced to 2/3. So, the reduced portion (1 Mb/s X 2) is to be transmitted by way of other lines, 
for example, if the above changes were made due to the line trouble between A and B, then by using lines between AC 
andCB, or AD and DB. 
[Column 6] 

The transmission amount between A and B can be secured by this. Since transmission amount of the above-mentioned 
other lines will increase, however, they are to be operated under ordinary circumstances with some room to spare so 
that they can absorb the amount that is rerouted. Or in the alternative, if a modulation of 256 QAM is possible at the 
maximum, ordinarily operation is performed with 64 QAM modulation method, and if there arises a need to absorb a 
portion for rerouting, then change is made from 64 QAM to 256 QAM to create some room. 

Figure 2 indicates a format of transmitted signals. One frame (F) is comprised of synchronous signals, a SV bit (for 
monitoring and controlling) and data. As for a change to a transmission path [is done as follows]: A condition of 
deterioration of a transmission path is determined by a radio line, and after a signal by an SV bit is transmitted to an 
opposite station, and a standard station, for example, "A" station, verifies the condition of this unit of radio equipment 
at the same time, signals to be inputted into the radio equipment are converted and then inputted into another unit of 
radio equipment. Incidentally, a station outside the loop that has a circuit control mechanism, as opposed to a standard 
station ("A" station) within the loop, may do the monitoring on deterioration conditions. 

Figure 3 shows a structure of radio equipment to be placed in each station. This is comprised of logic 12, radio 
equipment unit 14, antenna 16, and control 18. 
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[Column 7] 

A radio equipment unit having the same structure (shown as 20) is provided in each line (In Figure 1, each 
station has three lines, so each station has three such units.). These [radio equipment units] are connected 
to packet switching equipment 10 (If a line dies, this automatically allocates signals to normal lines that 
have spare capacities). Major parts of one unit of transmission equipment are shown in Figure 4. After 
detection of a radio line condition of its own station, an input signal string change is transmitted to a 
standard station via the above-mentioned SV signal. After that, if there is a signal string that can be 
ignored, amplitude levels of data that go into a four-phase modulator are controlled, control is exerted from 
64 QAM to 2 PSK (other modulation methods such as 16 PSK and 8 PSK are also possible.). A receiver 
side is not shown in a figure, but it learns of a change to the modulation method by a signal dropping off. 

Figure 5 shows signal strings of I and Q, and if vectors of 1 and 3 are used on each, then 
16 values (16QAM) can be obtained. If only 3 of I and Q (ignoring 1) is used for synthesis, then 4 values 
(4 PSK) can be obtained. This switch from 16 values — > 4 values is performed by Logic 12. S ( is a 
reception state signal that forms a basis which causes this switch. Similarly, it can be applied to 
modulation methods of 64 QAM and 256 QAM. 
[Column 8] 

If 16 QAM is made the standard transmission capacity of each line, and then if 64 QAM is used when a 
circuit is in a good condition, and if 4 PSK or 2 PSK is used when the circuit deteriorates, in the above- 
mentioned embodiment, each circuit has 1 Mb/s X 2 to spare at all times, and this can be used as capacity 
for the deteriorated circuit. 

(Effect of the invention) 

As described above, in accordance with the present invention, without having a reserve radio equipment 
unit provided, even if some trouble arises with a line, by using the said troubled circuit to the extent it is 
usable and by using [an]other circuits] for deficiency, communication is enabled without reducing a 
transmission amount of the troubled circuit. Even without using space diversity, if channel capacity is 
reduced, with 64 QAM — > 2 PSK, an improvement of approximately 16 dB at C/N is obtained, and a 
certain extent [of improvement] can be secured on the troubled circuit by this method. It is also effective as 
countermeasure for a drop of transmission performance due to such things as weather conditions and some 
obstacles appearing. 

[Column 9] 

i 

4. Simple explanation of figures 

Figure 1 is a figure that describes a circuit network to which the present invention is applied. 

Figure 2 is a figure that describes a format of transmitted signals. 

Figure 3 is a block diagram that shows a structure of each node station. 

Figure 4 is a block diagram that shows a structure of transmission equipment for one circuit. 

Figure 5 is a figure that explains 16 QAM. 

Figure 6 is a figure that explains one example of a conventional system. 

In Figure 1 : A, B, . . ., are node stations; [and] l b 1 2 , are circuits. 
In Figure 3: 10 is a switch; [and] 16 is an antenna. 

Applicant: Fujitsu Limited 

Patent Agent: Minoru Aoyagi 



467QB00851545 




467QB00851546 



©Int. CI. 4 

H 04 L 27/00 
H 04 B 1/74 



©B*S«ftlr(JP) ® tt HF W H & M 

®^BB4*HP^« CA) HS63- 141432 



E-8226- 5K 
6745- 5K 



©1* P B61- 288531 
©tb SB 0361(1986)12^ 3 9 

©& ga * /r * m twiiwiiMm+wKi^H+ioiswa maWKaa 

rt 

®fcU P A S ± » 1* :£ £ ttSWIimilWm+WBLfc^BB+lOlS** 
9ft 1 A w up a 



JHB « 

a«#£ 

9R)g) (a. b. ) offlaraKiattfctiufc 

£t © 2 jara©aft£. iifg&t£&ts*&-? 

&*2»M©BtM<9?*:tlfc&** ^h;*** 
lilt, «A UfcBttoa«M*Ttf, 

c / n * t w t * b » o a « * ttff -r * t * c - 
Ts tt*ftBiioa«***^*«"r*ii*# 

Hit * iflft;^. 
cm 53 3 

^IS^^^^SU, ait &fi*£S5:r* 
«#Lfca«»ft*rti©HttK:i£E***. 



wan. cn%>©»^s^^a{t*fttt-?"ct>* 

C * © K fTi ) 

ft i eik^t a -5 Kfc#<z>; - KB A. B, ••• 

LT£J3£aft***. 
:©J;V;HI»ttt, IWitt'A, BH?Rt 

nt, ABW©a«*B«i"*©*<a*T!ft*. 
ftenciK-rASKBfflBnt&Ki*©* 

«»Kl*4IHtt*Jll*lT*?a> SSJ8Httl**<» 



—173— 



467QB00851547 



!MM63-H1432 (2> 



r x & y - k ® c c *i £ X < <t ± {* T' « 

* « ^ . 

aa<j*BC/N*TtfTB»*«R1-*£#K* 
«#l,fcfciSS*ttrt!Btt*aE**T0»M 

bp ^ * is *j t* > a » « (A, B , ) © *E £ 



3 



«*UAlMb/sit4i, 64QAM?tt, 
«MA^TttftlMb/iX{*. I 6 Q A M v 
4PSKs 2PSKT«lMb/sx4^ l M b / 

* fc*©Bifi C / N (Carrier / Noise) 
OSWfi«6 UAMs l6QAMv 4 P S K s 
2 P S K T tt & * **> 2 4. 5 d B . t 8. 5 d B . I 
I. 4 d B , B.4 d B tttS, 

CO^^Wilf 6 4 QAMi I 6 Q A M T l± 

* ft \s *< ;u (C/N) 7?6 d Bfl)jl^**©T, 
SiiSB*<*iaT6 4QAMTtt»f 

( l x l Q' 4 ) ^^^^^^^^^(tttltt'S 
US ft £ l 5QAMC$^4, 

tKU'tH, L ^ t > 6UAM^<?l 6 
qam^cd£35kJ;>) 2/3 tc«£^1- 

* . < l M b / s x 2 *) £«ilB«U 



5 



mKBtt*»JfiLTE^c«**a*3tsaira2f 
sCtc*^-?* £t© 2 AMCDilftc* iiB {§ & ffi £ 

C £T*fELT. S # ft ® » <Z> Si 

r' ? jut 4 ^ajfc&lfllStRTffl^T^agBI 
^5C<tLTttG4QAM. 16QAM. 4PSK. 

i 



Tft&T<Z>. £ ft£ ^ 0 A B ffl®&i£Sl€ttfi£ 
1?S*. «L,±iEttB»0fciaS*ttJ:*0"e* 
**tt*»8*»oT3I«L. if £ 6 

«fc C LT* < • *^tt»AZ5 6QAM©*ffl 

4QAM-2 5 6 Q AMO^f *^T^0^ & £ 
ft *. 

I, - A (F) ttfflWfS^s SV Bfflffi) 

tr v h T (3 * at*»Wrf.tfA 
^-r^oB«n*«««*»^fc»T<f 

t tlltiftflltt 1 2 x ffilltt 1 4 > 7 yrt 1 6 . 



6 



467QB00851548 



^363-141432 (3) 



'.MAPS* 1 8 frhU*. RJ««tfc©«W»« < 2 0 

ft$*t*. £© l tt*oam«*»** 

& , & « Tf § 4 fg ^ # * ft li" 4 *@ £ « IB K A * 
r - 9 © « « ^ ^ * Wi M L . 6 4QAM^€»2 
PSK^TWT* Ufe©g«fi2ii£16PSK. 

8 P s k <h* 4> ?J fiB) . a*f WttBJ*b 

SB 5 El « I . Q ®{S ?§-?iJ* ^ L h & * 1 . 3 CD 
\ /u£SH>fttf 1 G (i ( 1 6 QAM) it%h 

\t 4 (4 P S K ) £ « * . £ © 1 6 1A - 4 tt © 
£ * tt 3ft ® 89 l 2 T Xt U 1 . 5 . tt C © 9) ft A. £ 

6 4 QAM, 2 5 6 QAM©&tI#5£©iMfflt«J 



7 

4.BBOli««lft-n 

»2EIttfci£WS-07*--^v v o isa Kl - 
m 3 B] ^ ^ - K»©ftJ&*^3"7 p o v *EU 

v * EI, 

m 5 El a 1 6 Q a M © Ift $ El > 

* i El T A , B . J - K » ^ * • . * » . 

ttEWU $ 3 KIT 1 0 tt35*«U 1 6 It 7 y 

7- J T * £ . 



m t & 4 . 

fclBI*© 1 6 aAM*«tj60|£jSS*i IS 

* "ft L i * 4 P S K * 2 PSK*fflt/>ntf. 
ft- lEJ M T Jh £ © M tt 1 M b / s X 2 * ^ * i# * *S 

c ©B»**^b l> fc@**©ss t r * c 

(&^©#J&) 

**»)ffl-r*-±-^ R#is**©te&»*J£<t1-c: 

6 4 Q A M -* 2 PSK"??n C/NTttl6dB« 

Koati^fi^n, wsoattfcc:©;**?**® 

|fe±tt*c«k*fti2lfc;&©<ftTti#-r u 

T *f 01 T 3b * . 



8 



9 

—175— 



467QB00851549 



m 1363-141432 (4) 




467QB00851550 



